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1.
:
( $\partial_{t}^{2}-$ cr $\Delta$)tz, $=F_{i}(u,\partial u, \partial\text{ }u)$ , $(t, x)\in[0, \infty)\cross \mathbb{R}^{n}$ $(1\leq i\leq N)$ . (1.1)
, $\partial=$ $(a_{1}, \partial 1, \cdot. . , \partial_{n})=(\partial_{t}, \text{ })$ , $\text{ }=$ ( $\partial_{x_{1}},$ $\cdots,$ $\partial$x,), , $u(t, x)=$
$(u_{i}(t, x))_{1\leq i\leq N}$ $\mathbb{R}^{N}$ . “ ”
, $u(t, x)$ . , $F$ (u, $v,$ $w$) $=$
$(F_{i}(u, v, w))_{1\leq j\leq N}$ $(uv, w))$ . ,
$v=(v_{aj;}0\leq a\leq n, 1\leq j\leq N)\in \mathbb{R}^{(1+n)\mathrm{x}N}$,
$w=(w_{alj;}0\leq a\leq n, 1\leq l\leq n, 1\leq j\leq N)\in \mathbb{R}^{(1+n)\mathrm{x}n\mathrm{x}N}$
$(\partial_{a}u_{j}),$ $(\partial_{a}\partial_{l}u_{j})$ . , $u\equiv 0$ (1.1)
$F_{\dot{f}}(0, 0, 0)=0(1\leq i\leq N)$ .
, (1.1) 2) ,
$F$(u, $v,$ $w$ ) $(u, v, w)=0$
:
$(\partial_{t}^{2}-c_{i}^{2}\Delta)u=0$ , $(t, x)\in(0, \infty)\cross \mathbb{R}^{n}$ $(i=1,2, \cdots, N)$ .
, $F$ (u, $v,$ $w$ ) $p$- : $C$ $\delta$ ,
$\sum_{i=1}^{N}|$ffi$(u, v, w)|\leq C(|u|^{p}+|v|^{\mathrm{p}}+|w|^{\mathrm{p}})$ for $|$u$|+|$v $|+|w|\leq\delta$
.
$F(u, \partial u, \partial\text{ }u)=O$ ( $|u|^{p}+|$au$|^{p}+|$C?Vu $|^{p}$).




: $F$ $w$ 1
$\mathrm{A}$ ( , Courant and Hilbert[8], chapter $\mathrm{I}$ , section 7 ). , $F=$
$(F_{1}, \cdots, F_{N})$ :
$F_{i}(u,v, w)= \sum_{a,b=0}^{n}\sum_{j=1}^{N}\alpha$’$bj(u, v)w_{abj}+\beta_{i}(u, v)$ . (1.4)
, $\alpha_{i}^{abj},$ $\mathrm{A}$ $(a, b=0, \cdots, n;i,j=1, \cdots, N)$ $(u, v)$
. (1.4) , (1.1) .
,’ $-\mathrm{b}$ , (1.1)
. , smmll data
global existence (1.1) ,
blow-up small data global existence .
, , blow-up
. , .
, $n=3$ , John [18] $F$ 2- , (1.1)
.
,
$(\partial_{t}^{2}-c^{2}\Delta)u=(\partial_{t}u)_{:}^{2}$ $(t, x)\in[0, \infty)\cross \mathbb{R}^{3}$ , (1.5)
$(\partial_{t}^{2}-c^{2}\Delta)u=u(\partial_{t}u)$, $(t, x)\in[0, \infty)\cross \mathbb{R}^{3}$ (1.6)
. , Agemi [1] , $n=2$ ,
$(\partial_{t}^{2}-c^{2}\Delta)u=|\partial_{t}$u $|^{\mathrm{p}}$ , $(t, x)\in[0, \infty)\cross \mathbb{R}^{2}$ , (1.7)
$(\partial_{t}^{2}-c^{2}\Delta)u=\partial$Iu $|^{p}$ , $(t, x)\in[0, \infty)\cross \mathbb{R}^{2}$ (1.8)
, $1<p\leq 3$ . , (1.1)
, $n=3$ $F^{(2)}$ , $n=2$
$F^{(2)}$ $F^{(3)}$ .
, $n=3$ , Christodoulou [7] Klainerman [27] .
, $F^{(2)}$ null condition , small data
global $\mathrm{e}\mathrm{x}\mathrm{i}\mathrm{s}\mathrm{t}\mathrm{e}\mathrm{n}\ovalbox{\tt\small REJECT}$ $\ovalbox{\tt\small REJECT}$ $iarrow\{$ 1, $\cdot$ . . , $N\},$ $\lambda,$ $\mu,$ $\nu \mathrm{C}\mathbb{R}^{N}$
$X\in \mathcal{N}$
$F_{i}^{(2)}(\lambda, V(\mu, X), W(\nu, X))=0$ (1.9)
. , :
$N_{i}=\{X\in \mathbb{R}^{n+1} : X_{0}^{2}=c_{i}(2X_{1}^{2}+\cdots+X_{n}^{2})\}$ $(i\in\{1, \cdot\cdot \mathrm{f}, N\})$
, $\mu,$ $\nu\in \mathbb{R}^{N}$ $X\in N_{i}$
$V$ ( $\mu$ , X)=(X \mu j; $0\leq a\leq n,$ $1\leq j\leq N$),
$W(\nu, X)=(X_{a}X_{l}\nu_{j}; 0\leq a\leq n, 1\leq l\leq n, 1\leq j\leq N)$
. , $n=2$ , $F$ (1.3) $p=3$ ,
$i\in$ $\{$ 1, $\cdot$ . . , $N\},$ $\lambda,$ $\mu,$ $\nu\in \mathbb{R}^{N}$ $X\in N_{i}$
$F_{i}^{(}$
3)
$(\lambda, V(\mu,X), W(\nu, X))=0$ (1.10)
, Katayama [21] . , $F$
, Alinhac[5] $F^{(2)}$ $F^{(3)}$ (1.9), (1.10)
, small data global existence .
, $F$ , small data global existence
, $n=3$ $F^{(2)}$ (1.9) , $n=2$
$F^{(2)}$ $F^{(3)}$ (1.9), (1.10) , Alinhac
$[3, 4]$ ( [19, 12, 10, 13] ). , $F$
. ,
$(\partial_{t}^{2}-c^{2}\Delta)u=u\Delta$ u, $(t, x)\in[0, \infty)\cross \mathbb{R}^{3}$. (1.11)
, smmll data global existence , Lind-
blad [35] , Alinhac[6] .
, . small data global
existence , Kovalyov [30] .
, $n=3$ . , (1.4) $\alpha_{i}^{abj}$ (u, $v$ ) $\equiv 0$ .
, $F$ . , $\cdot$ $p=2$
$\mathrm{b}T(1.3)B$a$7_{\vec{\mathrm{c}}}F1\dot{9}f\mathrm{J}Ff\mathfrak{x}\backslash \sqrt fi\mathcal{D}f\overline{9}l_{\acute{\mathrm{u}}}\ovalbox{\tt\small REJECT}\Rightarrow^{-}\mathrm{F}\# 6$ :
$F_{i}$ ($u,$ $\partial$u) $= \sum_{j,k=1}^{N}A_{i}^{j,k}u_{j}u_{k}+\sum_{a=0j}^{n},\sum_{k=1}^{N}B_{i}^{a,j,k}u_{j}\partial_{a}u_{k}$ (1.12)
$+ \sum_{a,b=0}^{n}\sum_{j,k=1}^{N}D_{i}^{a,b,j,k}\partial_{a}u_{j}\partial_{b}u_{k}+H_{i}$ ($u,$ $\partial$u).
, $A_{i}^{j,k},$ $B$2.j,k $D_{i}^{a,b,j,k}$ , $H_{i}$ (u, $v$ ) :
$H_{i}(u, v)=O(|u|^{3}+|v|^{3})$ . (1.13)
$H_{i}$ (u, $\partial u$) , :
$A_{i}^{j,k}=0$ for all $i,j,$ $k=1,$ $\cdots$ , N. (1.14)
, , $c_{1}\geq c_{2}>0$ , blow-up
[32] :
$\{$
$(\partial_{t}^{2}-c_{1}^{2}\Delta)u_{1}=u_{1}u_{2}$ , $(t, x)\in[0, \infty)\cross \mathbb{R}^{3}$ ,
$(\partial_{t}^{2}-c_{2}^{2}\Delta)u_{2}=(u_{1})^{3}$ , $(t, x)\in[0, \infty)\cross \mathbb{R}^{3}$ .
(1.15)
(1.14) , (1.12) ,
$B_{i}^{a,j,k}=0$ for all $i,j,$ $k=1,$ $\cdots$ , $N$ and $a=0,$ $\cdots$ , $n$ (1.16)
. . Katayama [22] . (1.14),
(1.16) , $F_{i}(i\in \{1, \cdot. . , N\})$ ,





. , $\delta_{ij}$ Kronecker , $\mu,$ $\nu\in \mathbb{R}^{N}$ $X\in N_{i}$
$\tilde{V}(\mu,X)=(X_{a}\delta_{ij}\mu_{j}; 0\leq a\leq n, 1\leq j\leq N)$ ,
$\tilde{W}$ (\mbox{\boldmath $\nu$}, X)=(X Xl\mbox{\boldmath $\delta$}ij\mbox{\boldmath $\nu$}j; $0\leq a\leq n,$ $1\leq l\leq n,$ $1\leq j\leq N$),
. ( , Kubota and Yokoyama [33], Yokoyama [40] .
, $F$ (u, $v,$ $w$ ) $\equiv F$ (v, $w$ ) , Klainerman and Sideris [29] $\langle$ [40]
Sideris and Tu [38], Sogge [39], Hidano [11].)
5, (1.17) $F_{i}$ (1.9)
,
$\{$
$(\partial_{t}^{2}-c_{1}^{2}\Delta)u_{1}=a(\partial_{t}u_{1})(\partial_{t}u_{2})$ , $(t, x)\in[0, \infty)\cross \mathbb{R}^{3}$
$(\partial_{t}^{2}-c_{2}^{2}\Delta)u_{2}=b(\partial_{t}u_{1})(\partial_{t}u_{2})$ , $(t, x)\in[0, \infty)\cross \mathbb{R}^{3}$
(1.18)
$\{$
$(\partial_{t}^{2}-c_{1}^{2}\Delta)u_{1}=a(\partial_{t}u_{2})^{2}$, $(t, x)\in[0$ , ) $\mathrm{x}\mathbb{R}^{3}$
$(\partial_{t}^{2}-c_{2}^{2}\Delta)u_{2}=b(\partial_{t}u_{1})^{2}$ , $(t, x)\in[0, \infty)\cross \mathbb{R}^{3}$
(1.19)
, $a=b=0$ (1.9) , $a,$ $b\in \mathbb{R}$
(1.17) , ,
.
, Katayama and Yokoyama[24] (1.16)
. , (1.14) (1.16)
$B_{i}^{a,i,i}=0$ for all $i=1,$ $\cdot\cdot$ ‘ , $N,$ $a=0,$ $\cdots$ , $n$ (1.20)
, $F_{i}$ (1.12) $N_{ij}( \partial u_{j})=\sum_{a,b=0}^{n}D_{i}^{a,b_{\dot{\theta}\dot{\theta}}}(\partial_{a}u_{j})(\partial_{b}uarrow$
, small data global existenoe :
$i,$ $j\in$ $\{$L. . . , $N\},$ $\mu\in \mathbb{R}$ $X\in N_{j}$
$\ovalbox{\tt\small REJECT}_{j}(V(\mu, X))=0$ . (1.21)
, $N_{ij}$ , Ohta [37]
, $j\neq i$ $j$ , $N_{ij}$
. , $0<c_{1}<c_{2}$ ,
:
$\{$
$(\partial_{t}^{2}-c_{1}^{2}\Delta)u_{1}=u_{2}(\partial_{t}u_{1})$ , $(t, x)\in[0$ , ) $\cross \mathbb{R}^{3}$
$(\partial_{t}^{2}-c_{2}^{2}\Delta)u_{2}=(\partial_{t}u_{1})^{2}$ , $(t, x)\in[0, \infty)\cross \mathbb{R}^{3}$
(1.22)
, $n=2$ . $F$ ,
[16] $F$ , $F^{(3)}$ (1.10) , small data global existence
. ( , Agemi and Yokoyama [2], [30] .) [16]
, null form
$Q_{0}(\phi, \psi):=(\partial_{t}\phi)(\mathrm{a}\psi)-c^{2}\text{ }\phi\cdot\text{ }\psi$ (1.23)
6, , (2.15) .
, Hoshiga $[14, 15]$ , (1.9) (1.10)
.
: $F$ [22]
, , [17] .
Theorem 1. $F_{i}$ :
$F_{i}$ ( $u,$ $\partial$u, $\partial\text{ }$u) (1.24)
$=$ $\sum_{j=1}^{N}N_{ij}$ (u, $\partial u_{j}$ , $u_{j}$ ) $+R_{i}$ ($u,$ $\partial u$ , $u$ ) $+H_{i}$ ($u,$ $\partial u$ , u).
, $H_{i}$
$L_{i}(u,v, w)=O(|u|^{4}+|v|^{4}+|w|^{4})$ (1.25)
, $N_{ij}$ ($u$ , $u_{j}$ , $u_{j}$ ) , $R_{i}$ ( $u,$ $\partial u$ , $u$)
:
$R_{i}$ ($u,$ $\partial u$ , u)




. , $N_{ij}$ $i,$ $j\in$ $\{$ 1, $\cdot$ . ‘, $N\},$ $\lambda\in \mathbb{R}_{2}^{N}\mu$ , $\nu\in \mathbb{R}$
$X\in N_{j}$
$N_{ij}(\lambda, V(\mu, X), W(\nu, X))=0$ (1.27)
, small data global existence .
Remark 1. $n=2$ , L2-\nearrow
. , $\dot{H}^{\rho}$ ($0<\rho$ 1) (4.11) .
2.
, $c_{i}>0$ $(\mathrm{i}\in \{1, \cdot. . , N\})$ . Kubota and Yokoyama [33]
, null condition radiation operators
$T_{a}=\partial_{a}-\omega_{a}\partial_{r}$ $(0\leq a\leq n)$ . (2.1)




$T_{l}= \partial_{l}-\frac{x_{l}}{r}\partial_{r}(0\leq l\leq n)$ .
.
Lemma 2. $m=2,3$, (t, $x$) $\in[0, \infty)\cross \mathbb{R}^{n},$ (v, $w$) $\in \mathbb{R}^{(1+n)\mathrm{x}N_{\mathrm{X}}}\in \mathbb{R}^{(1+n)\mathrm{x}n\cross N}$ .
$G$ (v, $w$) $m$ , $\mu,$ $\nu\in \mathbb{R}^{N}$ $X\in N_{i}$ ,
$G(V(\mu, X),$ $W(\nu, X))=0$ (2.2)
. , $u(t, x)$ $\mathbb{R}^{N}$ - . , $|x|\geq 1$
, $t,$ $x$ $u$ $C$ :
$|$ G($\partial$u, $\partial\text{ }$u)(t, $x$ ) $|$ (2.3)
$\leq$
$C| \partial u(t, x)|^{m-2}(\sum_{|\alpha|+|\beta|\leq 1}|\text{ ^{}\alpha}\partial u(t, x)||T\text{ ^{}\beta}u(t, x)|+|\partial u(t, x)||T\partial_{r}u(t, x)|)$
.
Proof. $m=3$ , $m=2$ , $G$
:
$G$ (\partial u, $u$ ) $(t, x)= \sum_{j,k=1}^{N}\sum_{a,b=0}^{n}A_{a,b}^{\mathrm{i},j,k}\partial_{a}u_{j}$(t, $x$) $\partial_{b}u_{k}$ (t, $x$) (2.4)
$+ \sum_{j,k=1}^{N}\sum_{a,b=0}^{n}\sum_{\mathrm{c}=1}^{n}B_{a,b,\mathrm{c}}^{i,j,k}\partial_{a}u_{j}(t, x)\partial_{b}\partial_{\mathrm{c}}u_{k}(t, x)$ .
, $A_{a,b-}^{i,j,k}B_{a,b,c}^{i,j,k}$ .
$\mu=$ $ru$ , $\nu=\partial_{r}^{2}u$ $X=$ $(\omega_{0}, \omega 1, \cdot. . , \omega_{n})$ , $X\in N_{i}$ , (2.2)
. , (2.4)





$[ \partial_{r}, T_{\mathrm{c}}]=[\partial_{r},\partial_{\mathrm{c}}]=-\frac{1}{r}T_{\mathrm{c}}$ $(1\leq c\leq n)$ .
, $[A, B]=AB-BA$ . , (2.3) $m=2$ .
, null condition
, :
$S=t\partial_{t}+x.$ $\text{ }$ , $\Omega_{jk}=x_{\mathrm{j}}\partial_{k}-x_{k}\partial_{j}(1\leq j<k\leq n)$ . (2.6)
$=(\partial_{t},$ $\partial$1, $\cdot$ . $(, \partial_{n})$ , $\Gamma=$ ( $\Gamma_{1},$ $\cdots,$ $\Gamma$no)
. , $n_{0}= \frac{n(n-1)}{2}+n+2$ . , $\Gamma$
$L_{i}=ct \partial_{i}+\frac{x_{i}}{c}\partial_{t}$ $(1\leq i\leq n;c>0)$ (2.7)
A . [27] $\Lambda$ . ,
Klainerman :
$\langle t+|x|\rangle^{\frac{n-1}{2}}\langle ct-|x|\rangle^{\frac{1}{2}}|u(t, x)|\leq C||\Lambda^{\alpha}u(t)||_{L^{2}(\mathrm{R}^{n})}|\alpha|\leq[\frac{\sum_{n}}{2}]+1$
(2.8)
( , [28] [20]). , $\partial,$ $\Omega$ >0
, $\coprod_{c_{i}}$ ,
$[S,$ $\coprod_{\mathrm{q}}.]=-2\text{ _{}\mathrm{c}_{\dot{l}}}$ , (2.9)
[L :] $= \frac{2}{c}(c_{i}^{2}-c^{2})\partial t\partial j$ $(1\leq j\leq n;1\leq i\leq N)$ $(2.10)$
. , ( ) , $c:=c_{1}^{2}=\cdots=cN$
, $L_{\dot{\mathrm{t}}}$ : (2.10) . , (1.1)
$u$ l , $||\Lambda^{\alpha}\partial u(t)||_{L^{2}(\mathrm{R}^{n})}$ .




, . $\mathbb{R}^{N}$- $v$ (t, $x$)
$|$v(t, $x$ ) $|_{k}= \sum_{|\alpha|\leq k}\sum_{i=1}^{N}|$r$\alpha$v$i(t, x)|$
8, $k$ , $\alpha=$ ($\alpha_{1},$ $\cdot\cdot,$ , \mbox{\boldmath $\alpha$}n ) , $\Gamma^{\alpha}=\Gamma_{1}^{\alpha_{1}}\cdots\Gamma_{n_{0}}^{\alpha_{n_{0}}}$
$|\alpha|=\alpha_{1}+\cdots+\alpha n0$ . , $\Gamma_{j}$
:
$[S, \partial_{a}]=-\partial_{a}$ , $[S, \Omega_{jk}]=0$ , [$\Omega_{jk}$ , \partial a]=\eta ka\partial j-\eta j \partial k (2.11)
$[\Omega\Omega_{l}jk$, h$]=\eta$kl $\Omega_{j}$h $+\eta$jh $\Omega_{k}$ l $-\eta$kh $\Omega_{j}$ l $-\eta$jl $\Omega_{kh}$ .
, $a,$ $b=0,$ $\cdots,$ $n$ ; $j,$ $k,$ $l,$ $h=1,$ $\cdot\cdot 1$ , $n$ , $\partial_{0}=\partial_{t},$ $(\eta_{ab})=\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(-1,1, \cdot. . , 1)$
. ,
$||$v(t) $||_{k}^{2}= \int_{\mathrm{R}}|v(t, x)|_{k}^{2}dx$
, .
Proposition 1. Lemma 2 . , $|x|/2\leq$
$t\leq 2|x|$ , $|x|\geq 1$ $(t, x)\in[0, \infty)\cross \mathbb{R}^{n}$ , $t,$ $x$ $u$ [ ’
$C$ :
$\langle t+|x|\rangle|G$ (\partial u, $u$) $(t, x)|$ (2.12)
$\leq$ $C(|\partial u(t, x)|_{1})^{m-1}$ ($\langle|x|-c_{i}’$t $\rangle|\partial$u(t, $x)|_{1}+|u(t,$ $x)|_{1}$ ).
Proof. (2.3) , $|x|/2\leq \mathrm{c}_{i}t\leq 2|x|,$ $|x|\geq 1$ $(t, x)\in[0, \infty)\cross \mathbb{R}^{n}$ ,
:
$\langle t+r\rangle|Tu(t, x)|\leq C(|c_{i}t-r||\partial u(t, x)|+|$Fu(t, $x$ ) $|)$ . (2.13)
(2.1) , $r>0$
$T_{j}$u0, $x$ ) $=- \frac{1}{r^{2}}\sum_{k=1}^{n}x$k $\Omega$jku(t, $x$ ) $(1\leq j\leq n)$ (2.14)
, :
$|$Tju(t, $x$ ) $| \leq\frac{n}{r}|\Omega$u(t, $x$ ) $|$ $(1\leq j\leq n)$ .
, $t>0$
$T_{0}u(t, x)= \frac{c_{i}t-r}{t}\partial_{r}$u(t, $x$ ) $+ \frac{1}{t}Su(t, x)$ (2.15)
. , (2.13) $|x|/2\leq c_{i}t\leq 2|x|,$ $|x|\geq 1$ $(t, x)\in[0, \infty)\cross \mathbb{R}^{n}$
.
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$G$ (\partial u, $u$ ) $(t, x)$ $(t, x)$ ‘ , Lemma 2 Proposition 1
.
Lemma 3. $u(t, x)$ , $k_{f}$ $|x|/2\leq c_{i}t\leq 2|x|,$ $|x|\geq 1$
$(t, x)\in[0, \infty)\cross \mathbb{R}^{n}$ , $t,$ $x$ $u$ $C_{k}$
:
$\langle t+r\rangle|Tu$ (t, $x$ ) $|_{k}\leq C_{k}$ ( $\langle$ $t-r\rangle|\partial u$( $t$ , $x$ ) $|_{k}+|u($t, $x)|_{k+1}$ ). (2.16)
Proof. $k=0$ , (2.16) (2.13) . $k=1$ (2.16)
, $\ovalbox{\tt\small REJECT}$
$[S, T_{0}]=-T_{0}$ , $[\Omega jk, T0]=0$ , $[ \partial_{l},T_{0}]=\frac{c_{i}}{r}7]$ , $[\partial_{t},T_{0}]=0$ ,
$[S, T_{k}]=-T_{k}$ , $[ \partial_{l},T_{k}]=-\frac{1}{r}\delta_{lk}\partial_{r}+\frac{x_{l}x_{k}}{r^{3}}.\partial_{r}-\frac{x_{k}}{r^{2}}T_{l}$ , $[\partial_{t}, T_{k}]--0$
$[\Omega_{jk}, T_{l}]=\eta$kl7 $j-\eta$jl7) $(j, k, l=1, \cdots,n)$ .
(2.11)
$[ \partial_{l}, \partial_{r}]=\frac{1}{r}T_{l}$ , $[\Omega_{jk}, \partial_{r}]=0$ , $[S, \partial_{r}]=-\partial_{r}$ (2.17)
. ,
$|\Gamma T_{a}u(t, x)$ | $\leq$ $C(|T_{a} \Gamma u(t, x)|+\sum_{b=0}^{n}|$ Tbu(t, $x$ ) $|+ \frac{1}{r}|\partial_{r}u$ (t, $x$ ) $|)$ .
(2.13) , (2.16) $k=1$ .
, in
$[S, \frac{1}{r^{m}}]=-\frac{m}{r^{m}-}$ , $[ \Omega_{jk}, \frac{1}{r^{m}}]=0$ , $[ \partial_{l}, \frac{1}{r^{m}}]=-\frac{mx_{l}}{r^{m+2}}$





$(\partial_{t}^{2}-c_{i}^{2}\Delta)u=F$, $(t, x)\in(0, \infty)\cross \mathbb{R}^{n}$ $(i=1,2, \cdot\cdot|, N)$ . (3.1)
$n=2$ ($n=3$ , [22] ).
, (3.1) :
$L_{\mathrm{q}}.(F)(t, x)= \frac{1}{2r\tau c_{i}}\int_{0}^{t}ds\int_{|x-y|<\alpha(t-s)}.\frac{F(s,y)}{\sqrt{c_{i}^{2}(t-s)^{2}-|x-y|^{2}}}dy$. (3.2)
, $(t, x)\in[0, T)\cross \mathbb{R}^{2},$ $T$ >0.
Proposition 2. $0<\kappa<1/2,$ $\mu$ >0f $F\in C([0, T)\cross \mathbb{R}^{2})$ . ,
$0<c_{1}<c_{2}<\mathrm{I}$ . . $<c_{N}$ (3.3)
. , $(t, x)\in[0, T)\mathrm{x}\mathbb{R}^{2}$ , $\mu,$ $\kappa$ $Cj$
$C$
|L (F) $(t, x)|\langle|x|+t\rangle^{\frac{1}{2}}\langle c_{i}t-|x|\rangle^{\kappa}$ (3.4)
$\leq$ $C \sum_{j=0}^{N}\sup_{s(,y)\in\Lambda_{j}(t)}\{|y|^{\frac{1}{2}}\langle|y|+s\rangle^{1+\kappa+\mu}\langle c_{j}s-|y|\rangle|F(s, y)|\}$.
, $i=1,$ $\cdot\cdot|$ , $N$ ,
$\Lambda_{i}(t)=$ { $(s,$ $y)\in[0,$ $t]\mathrm{x}\mathbb{R}^{2}$ : $||y|-$ s| $\leq c_{N+1}s,$ $|y|\geq 1$ }, (3.5)
$c_{N+1}= \min_{1\leq i\leq N}${ $c_{i}$ -1}/3, $c_{0}=0$
, $\Lambda_{0}(t)$ $i=1\cup N\Lambda_{i}$ (t) $[0, t]$ $\cross \mathbb{R}^{2}$ .
Proof. $F_{c}$ (t, $x$ ) $=c^{-2}F(t/c, x)$ $L_{\mathrm{c}}$ (F)(t, $x$ ) $=L_{1}$ (Fc)(ct, $x$ ) ,
$\langle$ , $c_{i}=1$ . $\chi_{j}$ (s, $y$) $\Lambda_{j}$ (t) .
$|$ L1 $(F)(t, x)| \leq\sum_{j=0}^{N}L_{1}(\chi_{j}|F|)(t, x)$ (3.6)
$\leq$ $\sum_{j=0}^{N}\sup_{s(,y)\in\Lambda_{j}(t)}\{|y|^{\frac{1}{2}}\langle|y|+s\rangle^{1+\kappa+\mu}\langle c_{j}s-|y|\rangle\chi_{j}(s, y)|F(s, y)|\}L_{1}(F_{j})(t, x)$
, $F_{j}$ (s, $y$) $=[|y|^{\frac{1}{2}}\langle|y|+s\rangle^{1+\kappa+\mu}\langle c_{j}s-|y|\rangle]^{-1}$ .
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$j$
$1\leq j\leq m$ $c_{j}>0$ , [31] Theorem 1.1 ,
$|L_{1}(F_{j})(t, x)|\langle|x|+t\rangle^{\frac{1}{2}}\langle c_{i}t-|x|\rangle^{\kappa}$
. , $j=0$ . [31] 2
:
$|$ L1 $[F_{0}](t, x)|\leq C(I_{1}+I_{2})$ . (3.7)
,
$I_{1}$ $=$ $\int\int_{D_{1}(r,t)}\frac{\sqrt{\lambda}\langle\lambda+s\rangle^{-1-\kappa-\mu}\langle\lambda\rangle^{-1}}{\sqrt{(\lambda-s+t+r)(\lambda+s+r-t)}}d\lambda ds$,
$I_{2}$ $=$ $\int\int_{\overline{D_{1}}(r,t)}\frac{\sqrt{\lambda}\langle\lambda+s\rangle^{-1-\kappa-\mu}\langle\lambda\rangle^{-1}}{\sqrt{(\lambda-s+t+r)(t-r-\lambda-s)}}d\lambda ds$ .
. (3.7) , .
$I_{1}+I_{2}\leq C\langle t+r\rangle^{-\frac{1}{2}}\langle t-r\rangle^{-\kappa}$ . (3.8)
( , [31]).
Lemma 4. $\kappa>0,$ $b\in \mathbb{R}$ , $C=C$ (\kappa )
$\ovalbox{\tt\small REJECT}_{1}^{\infty}$ (\mbox{\boldmath $\alpha$})- (b+\mbox{\boldmath $\alpha$})--21 $d\alpha\leq C\langle b\rangle^{-\kappa}$ , (3.9)
$\ovalbox{\tt\small REJECT}^{\max(b,0)}|\alpha)^{-\frac{1}{2}-\kappa}(b-\alpha)^{-\frac{1}{2}}$ d\mbox{\boldmath $\alpha$}\leq C(b)- b)[-21-+. (3.10)
Case 1. $t+r\geq 1$ $0\leq t\leq 2r$ .
. $I_{1},$ $I_{2}$
$\alpha=s+\lambda$ , $\beta=\lambda$ , $(3.11)$
,
$I_{1} \leq C\int_{|t-r|}^{t+r}\langle\alpha\rangle^{-1-\kappa-\mu}(\alpha+r-t)^{-\frac{1}{2}}J_{1}(\alpha,r,t)d\alpha$ , (3.12)
$I_{2} \leq C\int_{0}^{\max(t-r,0)}\langle\alpha\rangle^{-1-\kappa-\mu}(t-r-\alpha)^{-\frac{1}{2}}J_{2}(\alpha, r,t)d\alpha$ (3.13)
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.
$J_{1}( \alpha, r,t)=\int_{r-t}^{\alpha}\sqrt{\alpha+\beta}(\alpha+\beta)-1(\beta+r+t)^{-\frac{1}{2}}d\beta$, $|t-r|<\alpha<t$ $+r,$
$J_{2}( \alpha,r, t)=\int_{-\alpha}^{\alpha}\sqrt{\alpha+\beta}\langle\alpha+\beta)-1(\beta+r+t)^{-\frac{1}{2}}d\beta$, $0<\alpha<t-r$ .
$\beta\geq r-t$ $\beta+r+t\geq 2r$ ,





$0<\kappa<1/2$ , Lemma 4 ,
$\sqrt{r}I$k $(r, t)\leq C\langle t-r\rangle^{-\kappa}$ $(k=1,2)$ .
(3.8) .
Case 2. $0\leq t+r\leq 1$ { $0\leq 2r\leq t$ .
, $k=1,2$ :
$J_{k}( \alpha, r, t)\leq C\int_{-}$l$\alpha+\beta)-1$d$\beta\leq$ Clog(l $+$ $(\alpha\rangle)$ , $0<\alpha<t+r$ . (3.14)
, (3.12) (3.9)
$I_{1} \leq C\int_{|t-r|}^{\infty}\langle\alpha\rangle^{-1-}$
’ $( \alpha+r-t)-\frac{1}{2}d\alpha\leq C\langle t-r\rangle^{-\frac{1}{2}-\kappa}$
. : $I_{1}$ (3.8) .
, I2 . $t>r$ ,
$I_{2}$ $\leq C$ $\int_{(t-r)/2}^{t-r}\langle\alpha\rangle^{-1-\kappa-\mu}(t-r-\alpha)^{-\frac{1}{2}}J_{2}(\alpha, r, t)d\alpha$




. , , (3.14)








. , (3.8) .
, (3.1) ( [17]).
Proposition 3. $\ell=1,2$ , $0<\kappa<1/2,$ $\mu$ >O, $F\in C([0, T)\cross \mathbb{R}^{2})$ . , (3.3)
. , $(t, x)\in[0, T)\cross \mathbb{R}^{2}$ , $\ell,$ $\mu,$ $\kappa$ 9
$C$
$|\partial_{\ell}L_{\mathrm{c}}\dot{.}$ (F)(t, $x$ ) $|\langle x\rangle^{\frac{1}{2}}\langle c_{i}t-|x|\rangle^{1+\kappa}$ (3.15)
$\leq$ $C \sum_{j=0}^{N}\sup_{s(,y)\in\Lambda_{j}(t)}\{|y|^{\frac{1}{2}}\langle|y|+s\rangle^{1+\kappa+\mu}\langle c_{j}s-|y|\rangle[\sum_{|a|\leq 1}|\partial_{x}^{a}F(s, y)|+|\Omega_{1,2}F.(s, y)|]\}$ .
4.
(1.1) (
, Kato [25], Majda [36] ), $\vee 7$ .
. , $k$ ,
: $1/4<\kappa<1/2$
$\mathcal{U}_{k}(t)$ (4.1)
$:=$ $\sum_{x,i=1}^{N}\sup_{\in \mathrm{R}^{2}}[\langle t+|x|\rangle^{\frac{1}{2}}\langle|x|-$ $t\rangle^{\kappa}|u_{i}(t, x)|_{k+1}+\langle x\rangle^{\frac{1}{2}}\langle|x|-$ $t\rangle^{1+\kappa}|\partial u_{i}(t, x)|_{k}]$
:
$D_{k}(t):=||\partial u(t)||_{k}+||\partial\text{ }u(t)||_{k}+(1+t)^{-\frac{1}{\mathrm{p}}}||u(t)||x$ , (4.2)
$||$u(t) $||$ X $:= \sum_{1}|a|\leq k||$ Iau(t) $||_{H}$2’ $p= \frac{2}{1-\rho}(0<\rho<1/4)$ .
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Step 1: $||u(t)||_{X}$ . (1.1) $u_{i}$ (t, $x$ ) , $C_{a_{7}b}$
$i \Gamma^{a}u_{i}=\sum_{|b|\leq|a|}C_{a,b}\Gamma^{b}F_{i}$
($u,$ $\partial u$ , $u$) (4.3)
, $\cdot$ $\phi_{i},$ $\psi_{i}$ ,
$\Gamma^{a}u_{i}(0, x)=\epsilon\phi$i(x), $\partial_{t}$Fau$i(0, x)=\epsilon\psi$i(x) (4.4)
. ,
$\mathcal{F}$ [rau$i$ ] $(t, \xi)$ $=$ $\epsilon\cos(t|\xi|)F[\phi_{i}](\xi)+\epsilon|\xi|^{-1}\sin(t|\xi|)\mathcal{F}[\psi_{i}](\xi)$ (4.5)
$+ \sum_{|b|\leq|a|}C_{a,b}\int_{0}^{t}|\xi|^{-1}\sin((t-s)|\xi|)F[\Gamma^{b}F_{i}](s,\xi)$ ds
. , $\mathcal{F}[v](\xi)=\int_{\mathrm{R}^{n}}e^{-ix\xi}v$ (x)dx. , $\dot{H}^{\rho}$
$||\Gamma^{a}$u$i(t)||_{\dot{H}^{\rho}}\leq C\epsilon$( $||\phi_{i}||_{L^{2}(\mathbb{R}^{2})}+||\psi$ i $||_{\dot{H}^{-}}1+’$ ) $+C$ $\sum_{|a|\leq k}\int_{0}$
t
$||$ raFi(s) $||_{\dot{H}^{-}}1+$ , $ds$ . (4.6)
, Hardy-Littlewood-Sobolev
$|||\xi|^{-s}F$ [\phi $(\mathrm{R}_{\xi}^{2})\leq C||\phi||_{L^{q}(\mathrm{R}_{x}^{2})}$ , $0<s<1,$ $q=2(s+1)^{-1}$ (4.7)
,
$||$u(t) $||x\leq C\epsilon(||\phi||_{L^{2}}+||\psi||Lq)+C$ $\sum_{|a|\leq k}\int_{0}^{t}||$IaF(s) $||_{L^{q}}$ds (4.8)
. , $q=2/(2-\rho)$ . , $p,$ $q$ , $1/q=(1/p)+(1/2)$
. , $||\Gamma^{a}F$ (s)||Lq .
, $(s, x)\in\Lambda_{l}(t)(0\leq l\leq N),$ $|a|\leq k$ . , (4.1)
$\sum_{j=1}^{N}(|u_{j}(s, x)|_{k+1}+|\partial u_{j}(s, x)|_{k})\leq C\mathcal{U}_{k}(t)\eta_{l}(|x|, s)^{-1}$
. , $\eta\iota$ (r, $t$) $=\langle r+t\rangle^{\frac{1}{2}}\langle c_{l}t-r\rangle^{\kappa}$ .
, $F^{(3)}$ ($u,$ $\partial u$ , $u$) $\equiv F^{(\mathit{3})}$ ($\partial u$ , $u$ ) . (1.25) Fi(3
( $\partial u$ , $u$ ) ,




$(s, x)|$ $\leq$ $C(\mathcal{U}_{[\frac{k}{2}]+1}(t))^{2}\eta_{l}(|x|, s)^{-2}(|\partial u(s, x)|_{k}+|\partial\text{ }u(s, x)|_{k})$
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. , $\mathcal{U}_{[\frac{k}{2}]+1}(t)\leq 1$ ,
$|\Gamma^{a}F_{i}(s, x)|$ $\leq$ $C(\mathcal{U}_{[\frac{k}{2}]+1}(t))^{2}[\eta_{l}(|x|, s)^{-2}(|\partial u(s, x)$ N+l u(s, $x$ ) $|_{k})$ (4.9)
$+\eta$l $(|x|, s)^{-3}|u(s, x)|_{k}]$
. ,
$||\Gamma^{a}F_{i}$ (s)||Lq $\leq$ $C( \mathcal{U}_{[\frac{k}{2}]+1}(t))^{2}\sum_{l=0}^{N}[||\eta_{l}$ ( $|\cdot|$ , s)-2||Lp(||\partial u(s)||k+|| u(s)||k)
$+||\eta_{l}(| |, s)^{-3}|c_{l}s-|$ $||$’ $||$ L$p|||c_{l}s-|\mathrm{t}||^{-\rho}|$u(s) $|$ k $||$ L2]
. .
, [9] Theorem 4.4 Lemma 4.3 (1)
.
Lemma 5. $\kappa_{1},$ $\kappa_{2}>0,$ $c$ \geq 0 $1\leq p\leq\infty$ . $p\kappa_{1}\geq 1$ $p\kappa_{2}>1$
, $t\geq 0$
$||(1+t+|(|)^{-\kappa_{1}}(1+|\mathrm{c}t-|(||)^{-\kappa_{2}}||_{L^{\mathrm{p}}(\mathrm{R}^{2})}\leq C(1+t)^{-\kappa_{1}+\frac{1}{p}}.$ (4.10)
Lemma 6. $R\geq 0,0\leq s<1/2$ $v\in C_{0}^{\infty}(\mathbb{R}^{2})$ , $R,$ $v$
$C$
$|| \frac{v}{||||-R|^{s}}||_{L^{2}(\mathbb{R}^{2})}\leq C||v||_{H^{\delta}(\mathrm{R}^{2})}$ . (4.11)
, $\kappa>1/4,0<\rho<1/4$ $p>2$ , $2\kappa p>1,$ $(3\kappa-\rho)p>1$ .
$l^{\vee}\llcorner,$ $(4.10)$
$||\eta_{l}(|1|, s)^{-2}||_{L^{p}}\leq C(1+s)^{-1+\frac{1}{\mathrm{p}}}$ , $||\eta_{l}(| |, s)^{-3}|c_{l}s-|l||^{\rho}||_{L^{\mathrm{p}}}\leq C(1+s)^{-\frac{3}{2}+\frac{1}{\mathrm{p}}}$ .
, (4.2) ,
$||\Gamma^{a}F_{i}(s)||_{L^{q}}$ $\leq$ $C(\mathcal{U}_{[\frac{k}{2}]+1}(t))^{2}(1+s)^{-1+}$ iD$k(s)$ . (4.12)
, (4.8)
$(1+t)^{-\frac{1}{\mathrm{p}}}||u(t)||_{X} \leq C[\epsilon+(\ovalbox{\tt\small REJECT}_{1}(t))^{2}\int_{0}^{t}(1+s)^{-1}D_{k}(s)ds]$ (4.13)
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, $||\partial u(t)||_{k},$ $l$ l $u(t)||_{k}$ . $\mathcal{U}_{0}(t)$
, ,
$||\partial$u(t) $||k+||\partial\partial_{x}$u(t) $||k\leq C[\epsilon+$ $( \mathcal{U}[\frac{k}{2}1+1(t))^{2}\int_{0}^{t}$ ( $1+$ s)-1D$k(s)ds]$ (4.14)
. , (4.13) $k^{\backslash }\text{ }\mathrm{O}^{\backslash }\backslash (4.14)$ , Gronwall
,
$D_{k}(t)\leq C\epsilon(1+t)^{C_{1}(\mathcal{U}_{\mathrm{l}\#|+1}(t))^{2}}$ for $0\leq t<T$ (4.15)
. , $C,$ $C_{1}$ $T,$ $\epsilon$ $u$ .
$\underline{Step\mathit{2}}\cdot$. , “ ” , $($
Lemma 7. (1.24) (1.27) . $1/4<\kappa<1/2,0<\rho<1/4,$ $q$ \geq 0, $k$
. $0\leq\mu<1/2,$ $\theta$ >O :
$\mu+\theta\leq\kappa$, $\mu+\theta$ $\frac{1}{2}-\kappa$ , $\mu+\theta\leq 2\kappa-\frac{1}{2}$ . (4.16)
,
U[ ] $(t)\leq 1$ $f$or $0\leq t<T$ (4.17)
, $(s, y)\in\Lambda_{l}(t)(0\leq l\leq N)$ , $T$ , $u$ $C_{2},$ $C_{3}$
$|y|^{\frac{1}{2}}\langle|y|+s\rangle^{1+\kappa+\mu-q}\langle \mathrm{c}_{l}s-|y|\rangle|F_{i}$ ($u,$ $\partial u$ , $u$) $(s, y)|_{k}$ (4.18)
$\leq$ $C_{2}(\mathcal{U}_{[\frac{k}{2}]+1}(t))^{2}(1+s)^{-\theta}D_{k+2}(s)+C_{2}($U[ ] $(t))^{2}[\langle|y|+s\rangle^{-q}\langle u(s, y)\rangle_{k}$
$+C_{3}(q)$ (lyl+s)–2l-q $[$ u(s, $y)]_{k+1}$ ].
, $C_{3}(q)$ { , $q\geq 1/2$ $C_{3}(q)=0$ , $C_{3}(q)=1$
.
Proof. ,
$[u(t, x)]_{k}= \sum_{j=1}^{N}(x\rangle^{\frac{1}{2}}$ $\langle$cjs $-|x|\rangle^{1+\kappa}|$uj(t, $x$ ) $|_{k}$ , (4.19)
$\langle u(t, x)\rangle_{k}=\sum_{j=1}^{N}(|x|+t\rangle^{\frac{1}{2}}\langle c_{j}s-|x|\rangle^{\kappa}|u_{j}(t, x)|_{k},$ (4.20)
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, $j=1,$ $\cdot$ . , $N;l=0,1$ , $\cdot$ . . ) $N$ , $(s, y)\in\Lambda_{j}$ (t) ,
$|$uj $(s, y)|_{k}$ $\leq$ $\langle u(s, y)\rangle_{k}\langle|y|+s\rangle^{-\frac{1}{2}}\langle c_{j}s-|y|\rangle^{-\kappa}$, (4.21)
$|\partial$uj $(s, y)|_{k}$ $\leq$ $C[\partial u(s,y)]_{k}\langle|y|+s\rangle^{-\frac{1}{2}}\langle c_{j}s-|y|\rangle^{-1-\kappa}$ (4.22)
, $(s, y)\in\Lambda_{l}$ (t) $l\neq j$ ,
$|u_{j}$ (s, $y$ ) $|_{k}$ $\leq$ $C\langle u(s, y)\rangle_{k}\langle|y|+s\rangle^{-\frac{1}{2}-\kappa}$ , (4.23)
$|\partial u_{j}$ (s, $y$ ) $|_{k}$ $\leq$ $C[\partial u(s, y)]_{k}\langle|y|+s\rangle^{-1-\kappa}(1+|y|)^{-\frac{1}{2}}$ (4.24)
. ,
$|$y $|^{\frac{1}{2}}|\partial$u(s, $y$ ) $|_{k+1}$ $\leq$ $CD_{k+2}(s)$ , (4.25)
$\langle$ lyl-cjs)-’ly u(s, $y$ ) $|_{k+1}\leq C(1+s)^{\frac{1}{p}}D_{k+2}(s)$ . (4.26)
(4.2), (4.11) .
Lemma 8. $v\in C_{0}^{\infty}(\mathbb{R}^{2})_{f}w$ \in C1 $([0,0))$ . $w(r)>0(r\geq 0)$ ,
$A$ $|w’(r)|\leq Aw(r)(r\geq 0)$ . $x\in \mathbb{R}^{2}$
, $x,$ $v$ $w$ $C$
$|$x $|^{\frac{1}{2}}$w( $|$xD $|v$ (x) $| \leq C\sum_{|a|\leq 1}(||w(| |)\Omega^{a}v||_{L^{2}(\mathrm{R}^{2})}+||w(| \langle |)\partial_{r}\Omega^{a}v||_{L^{2}(\mathrm{R}^{2})})$. (4.27)
( [26] Proposition 1.)
, $(s, y)\in\Lambda_{l}$ (t) . , $F^{(3)}$ ($u,$ $\partial u$ , $u$ ) $\equiv F^{(3)}$ ($\partial u$ , $u$)
. (1.24) 1
$N_{ij}$ (s, $y$ ) . $l=j$ , Proposition 1, Lemma 3
$|$y $|^{\frac{1}{2}}\langle|y|+s\rangle^{1+\kappa+\mu-q}\langle c_{j}s-|y|\rangle|N_{ij}(s,y)|_{k}$
$\leq$ $C(\mathcal{U}_{[\frac{k}{2}]+1}(t))^{2}[\langle|y|+s\rangle^{-1+\kappa+\mu-q}\langle c_{j}s-|y|\rangle^{1-2\kappa}|y|^{\frac{1}{2}}|\partial u_{j}(s,y)|_{k+1}$




. ( $1/4<\kappa<1/2,0<\rho<1/4$ .) (4.25), (4.26) $j$
$|$y $|^{\frac{1}{2}}\langle|y|+s\rangle^{1+\kappa+\mu-q}\langle c_{j}s-|y|\rangle|N_{ij}(s,y)|_{k}$
$\leq$ $C(\mathcal{U}_{[\frac{k}{2}]+1}(t))^{2}$ [ $\langle|y|+s\rangle^{-\kappa\dagger\mu}+\langle|$y $|+s)- \frac{1}{2}+0\mu$] $D_{k+2}(s)$ .
($p>2,$ $q$ \geq 0 .) , $l\neq j$ , (4.24)
$|y|$ $\langle|y|+s\rangle^{1+\kappa+\mu-q}\langle \mathrm{c}_{l}s-|y|\rangle|N_{ij}(s, y)|_{k}$
$\leq$ $C(\mathcal{U}_{[_{2}^{\underline{k}}]}\pm 1(t))^{2}\langle|y|+s\rangle^{-\kappa+\mu}D_{k+2}(s)$ .
, $R_{i}$ (s, $y$) . (4.22), (4.24)
$|y|^{\frac{1}{2}}\langle|y|+s\rangle^{1+\kappa+\mu-q}\langle c_{l}s-|y|\rangle$ $(s, y)|_{k}$
$\leq$ $C(\mathcal{U}_{[\frac{k+1}{2}]}(t))^{2}\langle|y|+s\rangle^{-1+\mu-q}[\partial u(s, y)]_{k+1}$.
, $q\geq 1/2$ , (4.22), (4.25)
$|y|^{\frac{1}{2}}\langle|y|+s\rangle^{1+\kappa+\mu-q}\langle c_{l}s-|y|\rangle$ $(s, y)|_{k}$
$\leq$ C$(\mathcal{U}[$ $\mathrm{l} (t))^{2}\langle|y|+s\rangle^{-\frac{1}{2}+\kappa+\mu}D_{k+2}(s)$.
, $H_{i}$ (s, $y$ ) . (4.21), (4.22)
$|$y $|^{\frac{1}{2}}\langle|y|+s\rangle^{1+\kappa+\mu-q}\langle c_{l}s-|y|\rangle|H_{i}(s, y)|_{k}$
$\leq$ $C(\mathcal{U}_{[\frac{k+1}{2}]}(t))^{3}\langle|y|+s\rangle^{-\frac{1}{2}+\kappa+\mu-q}\langle c_{l}s-|y|\rangle^{1-3\kappa}(|y|^{\frac{1}{2}}|\partial u(s, y)|_{k+1}+\langle u(s, y)\rangle_{k})$
$\leq$ C(\sim ’ |(t))2 $\{\langle|y|+s\rangle^{\frac{1}{2}-2\kappa+\mu}D_{k+2}(s)+\langle|y|+s\rangle^{-q}\langle u(s, y)\rangle_{k}\}$ .
, $\theta$ , (4.18) .
$|x-y|\leq c_{i}(t-s)$ , $s+|y|\leq C(t+|x|)$ , Propositions
2and 3 , .
Corollary 1. Lemma . $u\in C^{\infty}([0, T)\cross \mathbb{R}^{2})$
(1.1) . , $\mathcal{U}_{[\frac{k\dagger 2}{2}]}(t)$ , $(t, x)\in$
$[0, T)\cross \mathbb{R}^{2}$
$\langle u(t, x)\rangle_{k+1}\langle|x|+t\rangle^{-q}$ $\leq$ $C_{0}\epsilon+C_{4}(\mathcal{U}_{[\frac{h+1}{2}]+1}(t))^{2}[(1+s)^{-\theta}D_{k+3}(s)$ (4.28)
$+C3(q)\langle|y|+s\rangle^{-\frac{1}{2}-q}[\partial u(s, y)]_{k+2}]$ ,
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$[\partial_{x}u(t, x)]_{k}.\langle|x|+t\rangle^{-q}$ $\leq$ $C_{0}\epsilon+C_{4}(\mathcal{U}_{[\frac{k+1}{2}]+1}(t))^{2}[(1+s)^{-\theta}D_{k+3}(s)$ (4.29)
$+C_{3}(q)\langle|y|+s\rangle^{-\frac{1}{2}-q}[\partial u(s, y)]_{k+2}]$
. , $\epsilon$ l .
Step 3: $\mathcal{U}_{N}$ (t) , (4.15)
$D_{N+5}(t)\leq C\epsilon(1+t)^{\theta}$ for $0\leq t<T$ (4.30)
. , Corollary 1 , ( $x$ ) $\in \mathbb{R}\mathrm{x}[0, T),$ $k\leq N+2$ ,
$(\langle u(t, x)\rangle_{k+1}+[\partial_{x}u(t, x)]_{k})\langle|$x$|+t$) $-q$ (4.31)
$\leq C\epsilon+C(\mathcal{U}_{[\frac{k+1}{2}]+1}(t))^{2}[\epsilon+C_{3}(q)\langle|y|+s\rangle^{-\frac{1}{2}-q}[\partial u(s, y)]_{k+2}]$ :
. , $q=1/2$
[$\partial_{x}u$ ( $t$ , x)]k+2 $\langle$ |x|+t $\rangle$ –21\leq C\epsilon (1+(U[ 1+1 $(t)$ ) ).
, (4.31) $q=0$ ,
$\langle u(t, x)\rangle_{k+1}+$ [$\partial_{x}u(t$ ,x)]k\leq C\epsilon (l+(U[ l+l $(t)$ ) ).
, $N\geq 5$ ,
$\langle u(t,x)\rangle_{N+1}+[\partial_{x}u(t, x)]_{N}\leq C\epsilon(1+(\mathcal{U}_{N}(t))^{2})$
. , $t$ , $S=t\partial_{t}$ $r\partial_{r}$ ,
$\langle x\rangle^{\frac{1}{2}}\langle c_{i}s-|x|\rangle^{1+\kappa}|\partial_{t}u_{i}(t, x)|_{k}\leq C([\partial_{l}u(t, x)]_{k}+\langle u(t, x)\rangle_{k+1})$ (4.32)
,
$\mathcal{U}_{N}(t)\leq C\epsilon(1+(\mathcal{U}_{N}(t))^{2})$ for $0\leq t<T$ (4.33)
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